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Description 



METAL CASTING CORE ASSEMBLY FOR 
CASTING A CRANKSHAFT 

Background of Invention 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a sand core assembly for 

casting metal parts. 
[0003] 2. Background Art 

[0004] Metal casting is a technique that may be used to form 
complex parts. The parts may be formed from ductile 
iron, aluminum or other metals. Examples of ductile iron 
castings include engine crankshafts, valve camshafts, en- 
gine blocks and other parts. 

[0005] Conventional core boxes are generally formed with a 

clamshell design having two halves that are split longitu- 
dinally at a parting line. One problem with conventional 
core boxes and in particular with regard to core boxes for 
casting crankshafts is that it is difficult to maintain di- 



mensional accuracy in the final cast part. Conventional 
cast crankshafts require substantial machining to form a 
flange hub pilot hole, oil gallery passages and shape 
counter-weights. In conventional core boxes a three de- 
gree draft angle is provided on counter-weight cheeks 
and substantial machining or "cheeking," is required to 
eliminate the draft angle. It is also necessary to drill pilot 
holes and oil gallery passages in the crankshaft casting. 

[0006] Another problem with conventional casting processes is 
that the cast parts generally must be homogeneous as 
cast and do not permit selectively weighting portions of 
counter-weights with dissimilar materials without further 
machining and assembly. 

[0007] Conventional casting also results in flash being formed 
that must be removed in a cleaning process and conse- 
quently adds expense to the casting process. Molding 
parting lines may also interfere with machining operation 
clamping points. 

[0008] |\/iachining variations can also cause problems relating to 
balancing the crankshaft. Normally, a window is provided 
as to the degree of balance of the shaft that is acceptable. 
The window is reduced when it is necessary to account for 
machining variation. 



[0009] A need exists for a casting process for a complex rotat- 
able sliaft, sucli as a crankshaft or a camsliaft. Tliere is 
also a need for a casting process wherein the complex 
shaft can be formed accurately with no draft, and includ- 
ing "as cast" oil galleries and other features. A process is 
needed wherein a core may be inserted into a cope/drag 
core package allowing for a no-flash mold line without 
green sand. There is also a need for a process utilizing a 
unitized core package that may be easily integrated into a 
robotic or automatic system. Finally, there is a need for a 
core that may be used to make complex shafts that vents 
well and produces fewer casting gas inclusions. 

[0010] The above problems and long felt needs are addressed by 
Applicant's invention as summarized below. 
Summary of Invention 

[001 1] According to one aspect of the present invention a metal 
casting core assembly for casting a crankshaft is provided 
that comprises a plurality of axial segment sand cores 
each having an interior opening for receiving molten 
metal to form different axially aligned portions of the 
crankshaft. The sand cores are each aligned along a cen- 
tral axis. 

[0012] According to a further aspect of the invention, a plurality 



of core bolt holes that are axially aligned as the core as- 
sembly is assembled. Each of the core bolt holes receive a 
core bolt that extends parallel to the central axis. The 
core bolts are each secured with a retaining nut to hold 
the core assembly together to apply a compressive load. 

[0013] According to another aspect of the present invention, a 
plurality of oil gallery cores are assembled to the sand 
cores in core prints, or cut-outs, formed in the sand 
cores. Each of the oil gallery cores extend through at least 
one of the interior openings in the sand cores to define an 
oil gallery in the crankshaft. The oil gallery cores are 
preferably formed of high temperature resin bonded sand. 
The oil gallery cores include at least one elongated body 
portion and anchoring portions on each end of the body 
portions. The anchoring portions are received in cut-outs 
formed in the sand cores. The cut-outs are shaped to cor- 
respond to and receive one of the anchoring portions. The 
anchors may be tapered to form a narrow side that is re- 
ceived in the base of the cut-out and a wider side at a 
mating surface of the sand core in which the anchoring 
portion is received. 

[0014] According to other aspects of the invention the sand cores 
each have at least one mating surface that is placed face- 



to-face with a mating surface of an adjacent sand core. A 
first set of tlie mating surfaces has at least one locator pin 
that is received in corresponding locator pin recesses 
formed on the second set of mating surfaces. Locator pins 
are received in the locator pin recesses to locate adjacent 
sand cores relative to each other. 

[0015] According to another aspect of the invention relating to 

insert weights, an insert made of a metal composition that 
has a different mass than the molten metal used to form 
the crankshaft may be molded into a part of the 
crankshaft such as the counter-weight. Sand positioning 
members may be secured between the sand cores and the 
insert to retain the insert within one of the interior open- 
ings prior to filling the core with molten metal. 

[0016] Other aspects of the invention relate to manufacturing of 
a crankshaft for an engine. The invention may be applied 
to 4, 6, 8, 10 or 12 cylinder engine crankshafts. In the il- 
lustrated embodiment, a V-6 crankshaft may be made 
with eleven cores that are arranged along the rotational 
axis of the crankshaft wherein the first core has an inte- 
rior opening defining a post end of the crankshaft, a first 
main bearing and part of a first counter-weight. The sec- 
ond sand core has two sides with an interior opening 



defining on a first side a first connecting rod pin and a 
part of a first counter-weight and on a second side 
tliereof a part of the second counter-weight. A third sand 
core has two sides and an interior opening defining on a 
first side a fourth connecting rod pin and part of the sec- 
ond counter-weight and on a second side part of a third 
counter-weight. The fourth sand core defines on a first 
side a second main bearing journal and part of the third 
counter-weight and on a second side part of a fourth 
counter-weight. A fifth sand core has two sides with an 
interior opening defining on a first side a second connect- 
ing rod pin and a part of the fourth counter-weight and 
on a second side part of a fifth counter-weight. A sixth 
one of the sand cores has two sides with an interior open- 
ing defining on a first side a fifth connecting rod pin and a 
part of the fifth counter-weight and on a second side part 
of the sixth counter-weight. The seventh sand core has 
two sides with an interior opening defining on a first side 
a third main journal bearing and a part of a sixth counter- 
weight and on the second side part of a seventh counter- 
weight. The eighth sand core has two sides with an inte- 
rior opening defining on its first side a third connecting 
rod pin and a part of the seventh counter-weight and on 



its second side part of an eightli counter-weight. The 
ninth sand core has two sides with an interior opening 
defining on a first side a sixth connecting rod pin and part 
of the eighth counter-weight and on the second side part 
of a ninth counter-weight. The ninth sand core further 
comprises a connecting rod pin lightener sand core that is 
secured to the first side of the ninth core in the interior 
opening. A tenth sand core has two sides with an interior 
opening defining on a first side a main bearing journal 
and a part of the ninth counter-weight and on a second 
side a part of the flywheel hub. Finally, the eleventh sand 
core has an interior opening defining part of a flywheel 
hub and a metal in-gate ported to the interior opening 
and further comprising a flywheel hub pilot bearing light- 
ener core. 

[0017] These and other aspects of the present invention will be 
better understood in view of the attached drawings and 
following detailed description of the best mode for carry- 
ing out the invention. 
Brief Description of Drawings 

[0018] Figure 1 is an elevation view of a crankshaft for a V-6 en- 
gine made according to the present invention; 
[0019] Figure 2 is a perspective view of a core package; 



[0020] Figure 3 is an elevation view of a heavy metal insert that 
may be cast in place to form part of a counterweight of 
the crankshaft; 

[0021] Figure 4 is an end elevation view of one side of core num- 
ber one; 

[0022] Figure 5 is an end elevation view of a first side of core 
number two; 

[0023] Figure 6 is a cross sectional view of an oil gallery core in 
core number one taken along line 6-6 in Figure 4; and 

[0024] Figure 7 is a fragmentary perspective view of a locator pin 
and locator pin receptacle; 

[0025] Figure 8 is an end elevation view of a second side of core 
number two; 

[0026] Figure 9 is an end elevation view of a first side of core 
number three; 

[0027] Figure 10 is an end elevation view of a second side of core 
number three; 

[0028] Figure 11 is an end elevation view of a first side of core 
number four; 

[0029] Figure 12 is an end elevation view of a second side of core 
number four; 

[0030] Figure 13 is an end elevation view of a first side of core 
number five; 



[0031] Figure 14 is an end elevation view of a second side of core 
number five; 

[0032] Figure 15 is an end elevation view of a first side of core 
number six; 

[0033] Figure 16 is an end elevation view of a second side of core 
number six; 

[0034] Figure 17 is an end elevation view of a first side of core 
number seven; 

[0035] Figure 18 is an end elevation view of a second side of core 
number seven; 

[0036] Figure 19 is an end elevation view of a first side of core 
number eight; 

[0037] Figure 20 is an end elevation view of a second side of core 
number eight; 

[0038] Figure 21 is an end elevation view of a first side of core 
number nine; 

[0039] Figure 22 is an end elevation view of a second side of core 
number nine; 

[0040] Figure 23 is an end elevation view of a first of core num- 
ber ten; 

[0041] Figure 24 is an end elevation view of a second side of core 

number ten; and 
[0042] Figure 25 is an end elevation view of one side of core 



number eleven. 
Detailed Description 

[0043] Referring now to Figure 1, a crankshaft 10 for a V-6 en- 
gine tliat may be made according to tlie present invention 
is illustrated. The crankshaft 10 has a post end 12 and 
first main bearing journal 14 that is adjacent to a first 
counterweight 16. An oil gallery passage 18 opens into 
the first main bearing journal 14 and extends to a first 
connecting rod pin 20. The oil gallery passage 18 dis- 
tributes oil to bearings at desired locations on the 
crankshaft 10. 

[0044] The first connecting rod pin 20 is adapted to receive the 
end of a piston connecting rod and is disposed between 
the first counterweight 16 and a second counterweight 
22. A fourth connecting rod pin 24 is disposed between 
the second counterweight 22 and a third counterweight 
26. A second main bearing journal 28 is located between 
the third counterweight 26 and a fourth counterweight 30. 
A fifth counterweight 32 is provided on the opposite side 
of a second connecting rod pin 34. The second connecting 
rod pin 34 is disposed between fourth counterweight 30 
and fifth counterweight 32. A fifth connecting rod pin 36 
is provided between the fifth counterweight 32 and a sixth 



counterweight 40. A third main bearing journal 42 is pro- 
vided adjacent the sixth counterweight 40 and a seventh 
counterweight 44. A third connecting rod pin 48 is pro- 
vided between the seventh counterweight 44 and an 
eighth counterweight 50. A sixth connecting rod pin 52 is 
provided between the eighth counterweight 50 and a 
ninth counterweight 54. A fourth main bearing journal 56 
is provided between a flywheel hub 58 and the ninth 
counterweight 54. The flywheel hub 58 is provided on the 
crankshaft 10 adjacent the flywheel of the engine, not 
shown. 

[0045] Referring to Figure 2, core box assembly 60 is shown as- 
sembled together ready for placement in a cope/drag 
mold. The core box assembly 60 include a first sand core 
62 that is assembled to a second sand core 64. First 
through eleventh sand cores 62-82 are assembled in a 
side-by-side relationship to form the core box assembly 
60. The core box 60 may include a handle 86 that is used 
to facilitate carrying the core box either manually or by 
means of automated casting line equipment. A plurality of 
fastener recesses 88 are provided on both the first sand 
core 62 and the eleventh sand core 82 through which fas- 
teners such as a core bolt 89 with a nut 91 is inserted to 



secure the core box assembly 60 together. A corner notch 
90 is provided to facilitate assembly of the core box as- 
sembly 60. The corner notches 90 of each of the sand 
cores 62-82 are aligned only when the core box assembly 
60 is properly assembled. 

[0046] Referring to Figure 3, a heavy metal insert 92 is illustrated 
that may be molded into the cast crankshaft 10 at a de- 
sired location. The heavy metal inserts 92 may be pro- 
vided to add weight to counterweights. Heavy metal insert 
92 is preferably made from tungsten steel but may also be 
made of other materials that have a different mass than 
the ductile iron used to form the other parts of the 
crankshaft 10. Heavy metal insert 92 has a circumferential 
slot 94 that extends about its circumference and is filled 
with ductile iron as the crankshaft 10 is molded in the 
core box assembly. The insert 92 is held in place by sand 
cores within the core box assembly 60. A small sand core 
recess 96 is provided on one side of the insert 92 and a 
large sand core recess 98 is provided on the opposite side 
of the insert 92. The insert is retained by sand cores as 
will be described below with reference to Figures 8 and 9. 

[0047] Referring to Figure 4, the first sand core 62 is shown to 
include an oil gallery sand core 100. The oil gallery sand 



core 100 includes a body portion 102 and ancliors 104 
tliat anclior tlie sand core 100 to tlie first sand core 62 so 
tliat tlie body portion 102 extends across a casting cavity 
106 in which molten metal is to be poured. In the illus- 
trated core box assembly, five oil gallery sand cores 100 
are provided that are shaped differently to form oil gal- 
leries in different locations. The component parts of the 
oil gallery sand cores have the same reference numerals 
for simplicity. The oil gallery sand core 100 is provided to 
eliminate the need to drill an oil gallery in the finished 
crankshaft 10 that previously required boring with expen- 
sive rifle drills. The casting cavity 106 includes a first 
main bearing journal portion 110 and a first counter- 
weight portion 112. In the exemplary embodiment shown, 
four bolt holes 114 are provided in which long core bolts 
89 are inserted to secure the cores together to form the 
core box assembly 60. 

[0048] Referring to Figures 4, 5 and 7, locator pin receptacles 
116 receive locator pins 118 when the first and second 
sand cores 62 and 64 are secured together in a face- 
to-face relationship. The locator pin receptacles 116 re- 
ceive the locator pin 118 as best seen in Figure 7. 

[0049] Referring to Figure 5, one side of the second sand core 64 



is illustrated. The casting cavity 106 visible from this side 
of the second sand core 64 defines first counterweight 
portion 120 that together with first counterweight portion 
112 defines the shape of the first counterweight 16. The 
second sand core also defines as part of the casting cavity 
106 a first connecting rod pin portion 122. Also shown in 
Figure 5 is a cut out 124, or core print, that receives the 
anchor 104 of the oil gallery sand core 100 that is shown 
in Figure 4 as part of the first sand core. 

[0050] Referring to Figure 6, the relationship of the oil gallery 
sand core 100 and first sand core 62 are illustrated in 
cross section. The oil gallery sand core 100 includes a 
body portion 102 and a plurality of anchors 104 that se- 
cure the sand core 100 to the first sand core 62 inside the 
casting cavity 106. The body portion 102 of the oil gallery 
sand core 100 forms a passageway through the crankshaft 
without the need to drill the crankshaft after forming. Af- 
ter the crankshaft 10 is cast it is removed from the core 
block 60 and the oil gallery sand core 100 may be re- 
moved by mechanical impacting and shot blasting which 
are existing foundry practice. 

[0051] Referring to Figure 8, the other side of the second sand 

core 64 is shown. On this side of the second sand core 64 



the casting cavity 106 defines a first connecting rod pin 
portion 128 and a second counterweiglit portion 130. Tlie 
second counterweight portion 130 may receive an insert 
weight 92 made of heavy metal such as a tungsten steel. 
The insert weight 92 is held in place by a sand positioning 
pin 134 that is received in the small sand core recess 96, 
as shown in Figure 3. The heavy metal insert 92 is posi- 
tioned on a sand positioning pin 134 on one side and a 
similar larger sand positioning pin (not shown) on the op- 
posite side. The insert 92 as shown is designed to be lo- 
cated in the second counterweight 130 to provide in- 
creased mass to afford added counterbalance to the 
crankshaft. Weight can be added to a specific counter- 
weight or several counterweights. With the insert 92 the 
crankshaft can be provided with the desired mass in a 
certain area of the crankshaft while allowing other areas 
of the crankshaft to be reduced in mass. The insert weight 
92 may consist of a machined disk of tungsten steel. 
Molten metal is permitted to flow around the insert 92 
and into the circumferential slot 94 to mechanically hold it 
internally within the counterweight. The insert 92 is held 
in position by a core sand locator pin 134 on one side of 
the counterweight and may also be held in position by a 



second core sand locator pin that engages an adjacent 
core. When metal fills the cavity the insert weight 92 be- 
comes an integral part of the counterweight. While it is 
known to add heavy metal inserts to a crankshaft, in the 
prior art it was done by drilling the crankshaft and press 
fitting a round heavy metal plug into the drilled hole. Ac- 
cording to the present invention the insert weight 92 is 
cast into the counterweight during the metal pouring pro- 
cess without requiring drilling or an assembly operation. 

[0052] Referring to Figure 9, one side of the third sand core 66 is 
shown wherein the sand positioning pin 134 is disposed 
in the casting cavity 106. The casting cavity 106 defines 
second counterweight portion 136 and a fourth connect- 
ing rod pin portion 138. 

[0053] Referring to Figure 10, the other side of the third sand 
core 66 is illustrated wherein the casting cavity 106 de- 
fines a third counterweight portion 140 and fourth con- 
necting rod pin portion 142. A cut out 124 is provided for 
receiving an anchor portion 104 of the oil gallery sand 
core 100 that is shown in Figure 11 and described below. 

[0054] Referring to Figure 11, one side of fourth sand core 68 is 
illustrated with a multiple passage oil gallery sand core 
143 disposed in the casting cavity 106. The casting cavity 



106 defines a third counterweight portion 144 and a sec- 
ond main bearing journal portion 146. The oil gallery sand 
core 143 extends through the casting cavity 106 to define 
a complex oil gallery passage. 

[0055] Referring to Figure 12, a second side of the fourth sand 
core 68 is shown in conjunction with the oil sand core 
143. The casting cavity 106 defines fourth counterweight 
portion 148 and a second main bearing journal portion 
150. The oil gallery sand core 143 extends through a 
fourth counterweight portion 148 and a second main 
bearing journal portion 150. 

[0056] Referring to Figure 13, one side of fifth sand core 70 is il- 
lustrated. The casting cavity 106 defines fourth counter- 
weight portion 152 and a second connecting rod pin por- 
tion 154. A cut out 124, or core print, is provided in the 
body of the fifth sand core 70 to receive the anchor 104 
as shown in Figure 12 when the sand cores are placed 
side by side with the corner notches 90 in alignment. 

[0057] Referring to Figure 14, the other side of the fifth sand 
core 70 is shown. The casting cavity 106 defined by this 
side of the fifth sand core 70 defines a fifth counterweight 
portion 156 and a second connecting rod pin portion 158. 

[0058] Referring to Figure 15, one side of sixth sand core 72 is 



illustrated. The portion of the casting cavity 106 defined 
by this side of the sixth sand core 72 defines a fifth coun- 
terweight portion 160 and a fifth connecting rod portion 
162. 

[0059] Referring to Figure 16, the second side of sixth sand core 
72 is shown wherein the casting cavity 106 defines a six 
counterweight portion 164 and a fifth connecting rod pin 
portion 166. A cut out 124 is also visible in Figure 16 that 
receives one anchor of an oil gallery sand core 167 as il- 
lustrated in Figure 17. 

[0060] Referring to Figure 17, one side of seventh sand core 74 is 
shown in conjunction with two oil gallery sand cores 167 
and 169 one of the oil gallery sand cores 169 is disposed 
in the casting cavity 106 that defines a sixth counter- 
weight portion 168 and a third main bearing journal por- 
tion 170. The other oil gallery sand core 167 visible in 
Figure 17 is disposed in the portion of the cavity that is 
better seen in Figure 18. 

[0061] Referring to Figure 18 the other side of the seventh sand 
core 74 is illustrated. The casting cavity 106 defines a 
seventh counterweight portion 172 and a third main bear- 
ing journal portion 174. Oil gallery sand core 167 spans 
the casting cavity. 



[0062] Referring to Figure 19 one side of an eiglitli sand core 76 
is illustrated including a portion of the casting cavity 106 
that defines a seventh counterweight portion 176 and a 
third connecting rod pin portion 178. A cut out 124 is 
provided to receive one of the anchors 104 of the oil 
gallery sand core 167, shown in Figure 18. 

[0063] Referring to Figure 20, the other side of the eighth sand 
core 76 is illustrated. The portion of the casting cavity 
106 defined by this side of the eighth sand core 76 de- 
fines an eighth counterweight portion 180 and a third 
connecting rod pin portion 182. 

[0064] Referring to Figure 21, one side of the ninth sand core 78 
is illustrated. The portion of the casting cavity 106 de- 
fined by this side of the ninth sand core 78 defines an 
eighth counterweight portion 184 and a sixth connecting 
rod pin portion 186. A connecting rod pin lightener core 
190 is also illustrated. The connecting rod pin lightener 
core 190 cores out the connecting rod pin 182 to provide 
for removal of metal mass for reduced weight of the crank 
pins. Metal may be removed from connecting rod pins 
without using a separate core. The shape of the connect- 
ing rod pin lightener core 190 can be an integral part of 
the main core. The lightener core 190 must be shaped to 



provide adequate clearance so that it does not interfere 
witli a oil gallery core. The lightener core 190 can be used 
to remove mass from the connecting rod journal. 

[0065] Referring to Figure 22, the other side of the ninth sand 
core 78 is illustrated. The portion of the casting cavity 
106 defined by this side of the ninth sand core 78 define 
a sixth connecting rod pin portion 192 and a ninth coun- 
terweight portion 194. Cut out 124 is provided to receive 
an anchor 104 of the oil gallery sand core 100, as illus- 
trated in Figure 23. 

[0066] Referring to Figure 23, one side of tenth sand core 80 is 
illustrated with oil gallery sand core 100 referred to above 
in connection with Figure 22. The casting cavity 106 in 
this side of a tenth sand core eight define ninth counter- 
weight portion 196 and fourth main bearing journal por- 
tion 198. 

[0067] Referring to Figure 24 the other side of the tenth sand 

core 80 is shown to include a portion of the casting cavity 
106 that defines a flywheel hub portion 200 and a fourth 
main bearing journal portion 202. 

[0068] Referring to Figure 25, one side of eleventh sand core 82 
is illustrated. The casting cavity terminates in the eleventh 
sand core 82 and defines a flywheel hub portion 204 and 



a flywheel hub pilot bearing lightener core 206. A metal 
in-gate 208 is also shown through which molten metal is 
poured into the casting cavity 106 to fill the casting cavity 
as defined by the first through eleventh sand cores 62-82. 
The lightener core 206 is provided at the center of the fly- 
wheel hub and also provides a shape of the pilot bearing 
hole in an "as cast" configuration to reduce the amount of 
metal that must be machined from the pilot hub. 

[0069] A metal in-gate 208 allows metal to enter the casting and 
be cast into a prescribed shape to control metal inflow 
into the core package during the metal pouring operation. 
The in-gate connects to the gating and riser system of the 
cope and drag mold. The in-gate is defined by the core 
package to allow for the metal gating system to be easily 
separated from the casting by fracturing the in-gate sprue 
with a mechanical impact. The casting can be easily sepa- 
rated from the gating system with a clean fracture break 
that requires no additional finishing or grinding. 

[0070] While the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



